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.Direct curr•nt R••iativity Geophyaical i:nveatiqation ot 

Buried Metal-Bearinq Sludge Ponds 

Litton Advanced Ci .rcuitry Division (ACD), 

Springfield, .Greene County, Missouri. 

·1.0 IH'l'RODOCTION 

This ra·port presents the reaul ta of a direct current · electrical 

resistivity survey conducted at the Litton Advanced Circuitcy Division 
. . 

(ACD) facility, Springfield~ Greene County, Miaaouri (FiqUr• 1). The 

general requirements for thia study were established during 

discussion• with Mr. Arthur J. (Chuck) Gordon, CPG, Project Manl!q•r 

for scs gnqineera and Kenneth M~ Euge, R.G. of Geoloqical ·consultants 

durinq July 1990. The scope of services is defined in Geoloqical 

Consultants Proposal for Service• dated August 3, 1990 (revised 

November 16, · 1990).· The work waa performed under an aqreeaent between 

Geoioc;iical Consultant• and scs En9ineers dated Noveaber 16, 1990. 

The purpose of this investigation is to obtain resistivity data that 

can be· used to identify low reaiativity target• at the Litton ACD 

site. 'l'arqeta include the auapected location• of the "Nev• Acid Pit 

and the Former Sludge Pit . Th• targets reportedly contain high 

concentr•tiona of copper and other metal• found in soil sampl•d by scs 

Engineers (1990). Presence of metals in the sit• soils has resulted 

from past practice• of on-site disposal of industrial procea·aing 

· wastes. . In addition to identifying th• liaits of th• disposal areas, 

other ·potential targets are defined for consideration of future 

evaluation. 
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R••i•tivity Inveatiqation Litton ACD, Springtield,. Miaaouri 

The surface 9eophyaical method• used · to meaaure · in-place apparent 

electrical reaist ivity include• the follovinq direct current (d.c .. ) 

methods: 

1) Vertical ·electrical aoundinqa (VES) uainq th• Schlu.i>erger 

electrode array· (Figure 2) can quantitatively deter11in• aubaurface 

l ayerinq (bedding thickn••••• and intrinaic reaiativity). A layer can 

be diatinquiahed by thia method if it repreaenta a re.aiativity 

contraat between adjacent layera. 

2) Horizontal electrical .Profiling with th• Wenner electrode 

array (Figure 3) can be uaed to detect aubaurfllc• reaiativity ·changes 

in a horizontal d~rection. Apparent reaiatlvity valuea are contoured . 

to 1.d•ntify lateral variation• of abnoraally high and low r••i•tivity 

areas. 

Field .work at th• Litton ACD ait• waa perfonaedby Geoloqical 

Consultant• between December 17 and 21, 1990. 

·. 
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Reaiativity Inveatigation . Litton ACD, Sprinqfield, Mia8ouri 

2.0 BLEC'l'RIC.AL RBSISTIVITY soavar DTBODOLOGY 

2 .• 1 Inatr\mantation 

Apparent reaiativity ileaaur ... nta can be aade by cauaincJ ·• known 
. . . . . 

current ·(I) to flow between two outer electrode• (•t••l rod•) in 

contact with th• ground. Thia current eatabli•h•• an electrical field 
. .. . 

in the earth with th• diatribution dependiftCJ on the . r••i·•tiviti••· and 

thickn••••• of th• aubaurface .. teriala • . Th• electrical field vaa 

. datanined by -a•urinq the ·potential difference, (AV), betv .. n two 

inner aurfac.e electrodea . (ateel roda). Tbe ayat- inatrwaentatioa 

employed durillCJ tbi• atudy waa a Biaon Model 33508 r•iativity -tar. 

Th• •Y•t- aenaitivity i• abo\lt l Qlm-f .. t {1 olm--t•rl. 

2.2 Vertical Blec:t.rical Sou.ndinp (VBS) 

In vertical electrical aoundinga, .th• .. paration (L) . betw..n tb• 

current electrode• i• inereaaed. alonq a atraigbt line. Tb• inner 

elactrod• ••paration (1111) r-ina fixed at the array center. Aa th• 

array expanda, .th• el-=t.rical field at greater depth• produce• a 

· 1arger influence on th~ aurfac• .. aaur-nta. Therefore, th• 

effective exploration depth incraaH• aa th• C:Urrant electrod• 

separation increa•••· By expandinq the array and ..iti119 aeveral . 

meaaur-•nta, it i•. poaaibl• to conatruct an apparent ruiativity 

aounding curve · to interpret. th• nUllber of au!Mlurfaca layara, their 

thickn•••41a and intrinaic reaiativity valu••· SuCh interpretation• 
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R••i•tivity Inv••tigation Litton ACD, Springfield, Ki.aa.ouri 

are non-unique, . but th• interpretationa can be conatrained by either 

site 9eol09ical · intor.ation oraubeurface exploration data. 

2.2.1 Data Acquhition 

Th• location• of th• vu are abov.n in l'iCJQr9 2. SoundiDCJ• u-1a .•nd 

BS-lb . v•r• perfo1'119d to develop a bacltcJround rui•ti.vity geoelec:tric 

earth aodel. .Tb• •r- ia reportedly unaff.ec:ted by vaate diapoaal. 
. . . 

Sounding• SPS-1a .and SPS-1.b an centered at llDnitor well llW-7 vbere 

.· hi9h .. tal concentrationa have been r•ported. 

About 15w*'lrWnta were..- for eacb acRIDding, vitb tbe current 

el~trod• Mparat1ori (L) upandlftlJ progrwively from , . feet to lOO 

feet. · U•int a .aximm L-apacing oflOO .feet, the effective 

penetration depth for t.bia aurvey allould be C)hater· tban 75 f•t (Roy 

and Apparao, ·1971) . Data V.re reduc:ed and plottecl in tbe field to 

provide a check qn data quality. 

2 ~ 2. 2 Data a.hction 

Apparent r .. t.tivity ·valuu were c::alculated from tba C...rved data 

uainCJ th• followincJ equation for th• SCblUllbeqer electrode array 

9eo .. try: 

Pa • 2 77 (V/I) (•/2) ( (L8 j •> - .25 l ·obll-fMt. 

' 



Reaiativity Inv-tigation Litton .ACD, Sp...-incJfield, Miaao\lri 

· To obtain apparent r••i•tivity value• in obll•llet•r•~ multiply. obll-f••t · 

valu•• by 0.3048. 

. . . 

L-apacing plotted on 3-cycl• log-log grid paper. Tb• reaiativity 

sounding data were interpr.ted vitb an inverM and forvardliodelinC) 

progr-, RBSIXP (Interpu L1*ited, 1tai). rorvard llOdelincJ peraita 

th• calculation of a .ayntbetic r••i•tlvity aoundil'lC) curve for an -rth 

•od•l vitb -v•ral · layer• (Davia, et •11 1910). once ·tbe be8t 

••tillate.of tb• aodel compar

inv•r•• iaodeling ia perfoned. The .reaulti119 .· invene "llOdel .1• 

developed froaa 1-•t aquarea analyaia of tile data. ft!• 1• 

accoapliahecl uaing ridCJ• ngreaaion ana.lpia (Iwn, 1975) to · adjU.t 

the par-ten of th• atartinCJ CJ.,_lectric llOdel. '!be final ..S.l •• 

. obtained by conatraini119 ._. of tlMI atartinl) parwtera MAiied on 

knowledge of tb• .Oil• and bedrock atratitication cbaracteriaed 111 

•iteboringa lOCJ• (SCS Bngineera, . 1990). 

2.3 Boriaontal IU.eatrical ProfllialJ 

· In horizontal reaiativity profiliftCJ, tM w.nnu ·e1~ array 1• 

uaed at different locatlonavbil• -inta1nillg a fi_. al~ 

apacinCJ. Horizontal profilil'lCJ...,. llOVil'lCJ a tixad ·array at rtM)Ular 

interval• aloftCJ parall•1 .travarM .11nae. fta appennt neiativity 

value ia ·aaaoc:iated vitb the location ot tbe array oeiater. 8orillg 

lOCJ• (SCS lnC)in .. ra1 1990) and the reaulta ot tile VSS'• -.re UMcl ·to . 

5 
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aa.iativity Inv .. ti9ation Litton ACD, 8pr1ft9fi•lcJ, •isaouri 

· deteraine tbe noainal apacing tor the Wenner elect~ array.· The · 
. . 

array •pacing.· 1• ... lected .0 th• effective depth of 1nv .. ti9ation 

envelope• .th• •uapec:ted low r .. 18tivity tarveta• ~iativity ·~tion 

· •pacinga along traverae .linea are .. 1ectec1 to be ... 11er tban tbe 

feature to be detected IM&t .tbe apaciRCJ .can be increaMd baMd•on tb• 

. data ~tained durift9 tbe aurvey ~ Tb• apparent .raiativity valu.. at 

. tb• array . c:enten . are contoured. to· clefine tbe approxiut• lat.eral 

·1iaita of tbe low raiatlvlty tarv•ta or anc..1i ... 

2.J.1 .a.ta .aa.a1a1uaa · 

Tbe .areaa inv•ti9ated uainlJ horiaontal eleculeal profiling 

tecbniqu.. are cleplcted 0n Pigue 2. A . ...,.._. array aurent •1ectr04e 

a-apaci119of 20 f ... provide8 an •ffet;:tive UW..tiption deptb· rangin9 . 

between 5 f .. t and 10 .. feet below 9round audace. Data ven reduced 
. . 

. . . . . 

aftcl plotted 1n tbe field .to provide a ·m.cJt Oil data quality. 

Near tba ••ev" Acid Pit, _ 75 apparent re8iativity valuea were. ~red 

. at 20-foot c:entera alODIJ t no~-aout!l orientect, .parall•l travene 

linea (Dravi119. 1). 

f .. t. 

f .. t and 40 

BiC)hty (10) .apparent nei.8ttvitY valuea an obtained in tbe Poner 

· SludcJ• Pit area. ·a..iat1¥ity atatiom wen .-1iy located on 20-foot 

centen~ SOiie · to-foot omter aMCiap ven ·ued on u.. .-t aide 



Resistivity I nvest tgation Litton ACD, Spri nqti eld, Missouri 

wh.ere high reaistivity value• were obae rved (Drawing 2). Traverse 

lines were about 40 ' f eet apart and oriented in an east-west direction. 

2. 3 .. l Data Reduction 

Apparent resistivity val ue• were calculated fro• the obaerved data 

using tha fol. lowi ng equation tor the Wenner electrode array geometry: 

Pa • .A [ 2// (V/I) J oha-teet 

Successiverea i sti vity measurementaobtained at different location• 

along the various .travar•• lin•• using th• •&JI• electrode a-spacing 

should provide a we i ghted aupling of earth reaiativity at · 

approximately the sue depth (Mooney, 1980). Individual reaistivity 

valu~s at the array centers are .contoured by interpolation between 

adj acent array centers to def ine linea · ot equal apparent resistivity 

throughout the ar ea i nveatiqatad . 

·. 
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Reaiativity Inveatiqation Litton ACD, Sprinqfield, Missouri 

3.0 RESULTS 

3. 1 Vertical JU.ctrical Soundinqa . 

Soundinqa BS-la and BS-lb (Fiqure 5) were run in ail area centered 

approximately 35() feet southeast fro• monitor well .MW-7. These 

soundinqareused to develop · back9round9eoelectric aectiona which can 

be correlated to the qeoloqical site condition•~ Accordinq to Litton 

ACD representative•, thia p<>rtion -of the aite waa not used for waste 

dispoaal·. The area ia uaed for contract farain9 and cul ti vat ion of 

cattle feed. 

The data curvea show saall adjuataanta between. different MN electrode 

seqmenta which implies the aurroundin9 area i• relatively laterally . 

homoqeneoua. Th• 9eoelectric aectiona ahov very llOiat to aaturated 

residual soil• conaiatinq of a aediua reaiativity ailty clay or clayey 

silt in the upper 8 to 9 feet. Underlying thea\irfaceaoil layer is a 

low resiativity; probably aaturated, aaaaiv• clay layer about 22 to .24 

feet thick. The bottoa of the lover clay could be eaaily interpreted 

at depth• ranqinq froa about Jl to 33 feet below ground aurface whet• 

ahiqh reaiativity zone i• encountered. The hiqh reaiativity zone is 
. . 

interpr•ted to repreaent aaaaive li-•tone bedrock vhich ·i• known to 

underlay the entire aite area • . The interpreted layer thickn-•e• and · 

. resiativitiea at thia location are believed to have an uncerta.inty ·of 

about .+/- 5 percent. Th• layered earth aodel in t.bia part of the aite 

· a 



Reaiativ'ity Inve•tigation Litton ACD, Springfield, Missouri 

is in general agreement with loqa froDt subsurface exploration borings 

drilled at the site. 

Soundings SPS-la and SPS-lb (Fiqure 6) are centered at monitor well 

MW-7. near the Former Sludge Pit and the Former "Original" Acid Pit. 

· The soundi ng l ocation waa aelected in an attempt to characterize the 

verti cal distri bution .of l ow r eaiativity layer• that may represent 

accumulations of metal concentration& in th• soil•. 

Th• data curves indicate the presence of ilodarated adjuatments be tween 

th• shorter electrode aaqmenta indicating the poaaibl• preaenca of 

lateral variation• at ahallow deptha. Th• gaoalectric secti ons shows 

a · very iloiat, low to aodaratereaiativity aurtaca layer poasibly 

representing diaturbed clayey aoila 5 feat or l••• thick . Underlying 

the surface zone ia a vary low resistivity l ayer rang ing from about 3 

f•et to 5 feet thick. ·Thia very · low reaiati v i ty zone i a believed to 

be attributed to conca.ntrationa of mobil e metal i ona in the ve ry moist 

soil. A low reaiativity lay•r, a i ail ar in cha r acte r to th• clay layer 

identified at soundil\CJ BS-l , extendafroa th• baa• ot th• very low 

resistivity layer to a depth of about 27 feet be low ground surface. A 

very high reaiativity zona, i nterpr eted to r apr eaent aaaaiva 

l imestone~ underlie• the clay. Th• interpreted l ayer thicknesses and 

reaistiviti•• at thi• aite are bel i eved to have an uncertainty of 

about +/- 9 percent. 

9 



Resistivity Investigation Litton ACO, Springfield, Missouri 

The layered earth model in this area appears to be conaistent with the 

site geoelectric model where massive limestone bedrock is encountered 

about 30 feet below ground surface . However, the near surface zone 

appears to be significantly affected · by lateral var.tat.ions in apparent 

resistivity. 

No vertical electrical soundings ware parfonaed at the "New" :ac.:id Pit 

area due t.o the close proximity of the Litton ACD facility . Sit• 

structure• that could influence VES reaiativit.y reading11 lnclude the 

larqe asphaltic concrete paved areas, chain link. fences, exiatinq 

dispoaa.l ponds, and burled pipinq. Spontaneous potential• in the 

earth may·be qenerated .by qalvanic phenc;>aena around electrochemically 

active :material• or provide abort-circuit paths for the current. 

3.2 Boriaontal Electrical ·Profilinq 

Resistivity profilinq near the "New• Acid Pit ahowa a aiqniticant 

variation in observed apparent reaiativitiea ranqinq froa a low ot 33 

ohm-teat (10 ohll-aetera) toa hiqh of 208 oha-te•t (63 ohm-meters). 

variation• are probably attributed to the near aurface lateral changes 

in th.a shallow qe99lectric aateriala. A concentration (Area A) ot 

very ·low resistivity values appear to define a rectanqular area 

interpreted ·to represent the configuration·an4 location of the •New" 

Acid Pit (Drawin<,J 1). The very low raaiativity values extend 

northward fro• the suspected pit aite toward• an area daacribedaa the 

Former · Percolation Pond (Area 8. 

10 



Resistivity Investigation · Litton ACD, Sp·rinqfield, Missouri 

Variations in observed apparent resistivities are also found near the . · 

Former Sludge Pit. Values range from a low ot 28 ohm-feet (9 

·ohm-meters) near monitor well MW-7 to a high of 261 .ohll- feet (80 . 

ohm-meters). several very low resistivity targets are defined by 

resistivity contour mapping in the area (Drawing 2). A rectangular 

target (Area A), a~proximately so feet by 100 feet in size, is 

centered a.bout 150 feet southwest of monitor well MW-7. Area A ·is 

interpreted to represent ':he Former Sludge Pit site. Another target 

(Area B), 50 feet by 80 teat in size, adjacent to t.h• suspected Sludge 

Pit ·is al•o rectangular. Area B exhibit• a •iailar range of very low 

resistivity. Thia tarqet may be related to the Sludge Pit. 

A broad, very low resistivity area (Ai:ea C) near monitor well MW~7 

includes some of the lowest obsa~ed apparent r .. iativity values 

measured at the Litton ACD site . Tb• Former "Original" Acid Pit 

disposal site is reportedly located in the auae general area (SCS 

Engineers; 1990). 

11 



Resistivity Inveatic;ation Litt on ACD, Sprin9tiald' >eissouri 

4 . 0 CONCLUSIONS AND RECOMKl:lmATIONS 

Direct current ele~triclt.l resistivity. surveys appear to have· 

successfully identified the approximate loc::ationa of the "New" Acid 

Pit and Former Sludge Pit .disposal sites at . the Litton ACO facility. 

Low apparent r esistivity anomalies are found southwest .o f monitor well 

MW•7 and adjacent to the northeast side of the paved parking area. 

The anomalies are interpreted to be attrib.uted to hiqh concentrations 

of ~etallic ions in the near surface soils where industrial p:rocessing 

wastes were disposed of in the past. 

The limits of th• "New• Acid Pit and Former Sludge Pit have been 

appr·oximated by apparent re•i•tivity contour• r.anqing fr(>a 75. to 100 

ohm-feet (2 3 to 30 ohm-metera) or leaa. 

Other low resistivity tart'J•t• have been idantitiad that may b• related 

to on-s i te waste diapoaal. The very low resistivity targets, 

particularly north of the •New• Acid Pit and north of monitor well 

MW-7 should be evaluated to determine their .full extent. 

12 



Reaiativity Inveatigation LittQn ACO,. Springfield, Miaaouri 

5.0 RESISTIVITY SURVBY LDIITATIONS 

Resistivity survey data and results presented j.n this report a r e 

derived from and interpreted from .indirect geophysical investigative 

technique• employed at apecitic location• and, in part, from 

subgurtace exploration data obta ined at the sit e by other •. The 

interpretation•· made a t · speci f i t.! r esi stivity survey sitea are bel i eved 
. . . 

to be reasonable based on the intormation available at the time ot 

this. study. Interpretations may not repreaent, nor are they .intended 

. to represent, subsurface condition• at other ·1oC:ationa. 

Precision of interpreta.tiona; such a• layer thickn••• and. true 

resistivity of layered aateriala, can be expected to be no better than 

10 to 20 percent of the true values. The precision with which 

apparent · reaiativity aeaaureaenta can be aada at th• surface is said 

to be about +/- 5 percent. Anomalies .detected by reaiativity methods, 

believed to be critical, should be verified by o~•r methods since . 

spuri ous anomalies can ·occur (Corps ot Engineers, 1979). 

13 
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